A quantitative study of some predetermined elemental time standard systems by Monahan, Richard E. (Richard Edward)
JUN 22 1960
LIBRARl
A QUANTITATIVE STUDY OF SOME PREDETERMINED
ELEMENTAL TIME STANDARD SYSTEMS
by
Richard E. Monahan
SUBMITD IN PARTIAL FULFILLMENT OF THE
REQREMENTS FOR THE DEGREE OF
BACHELOR OF SCIENCE
at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
1960
Signature of Author . .* , . , . . . , . . . .a . . * . .
School of Industrial Management
Certified by.
Signature redacted
/ i'aculty Advisor the Thesis
Secretary of the Faculty
Massachusetts Institute of Technology
Cambridge 39, Massachusetts
Dear Sir
In accordance with the requirements for graduation,
I herewith submit a thesis entitled A QUANTITATIVE STUDY
OF SOME PREDETERMINED ELEMENTAL TIME STANDARD SYSTEMS.
I wish to thank my advisor, Harry Schrieber, for his
advice, aid, and infinite patience which have kept me going
all year. Thanks to the I.E. staffs of Raytheon, Quincy,
and Sylvania, Danvers, and especially to "Yassey" of MIT for
their invaluable assistance in the application of the systems
under study.
Much thanks to John Mcuire for his time in locating
a plant for me to film. To all the others who helped me
in any way., I offer sincere thanks.
And thanks especially to Joanie, who typed the opus
after the panic button had been long pushed.
Respectfully yours
Richard E. Monahan
A QUANTITATIVE STUDY OF SOME
PREDETERMINED ELEMENTAL TIME STANDARD SYSTEMS
Richard E Monahan
Submitted to the School of Industrial
Management on May 25, 1960. in partial
fulfillment of the requirements for the
degree of Bachelor of Science.
A study was undertaken to determine quantitatively the
degree of correlation existing between time studies made under
different predetermined elemental time standard systems. No
known previous work had been done in this area. Two methods
were used. The first was the study of some typical industrial
operations by two different systems Methods-Time Measurement
and Work Factor with the results compared by means of a
multiple activity chart method of plotting. The second
method suggested by the results of the first was to compare
by graphical means some of the actual standard data which is
published by the systems.
Since only a small amount of data was available the
results of the first method were not conclusive. However,
the results that were obtained definitely pointed toward the
fact that the times formulated through the application of the
two systems do correlate quite well. although considerable
variance exists between corresponding elements within the
operations Method two showed that the basic data of the
two systems possesses a very low degree of correlation. This
may be explained through the different philosophies under
which the two systems were devised. These seemingly conflict-
ing results give birth to a new problem, which would provide
a very profitable study. This is the investigation of the
boundary conditions between succeeding motions.
The conclusion reached as a result of this study is that
the two systems under study do correlate well when actually
applied to a job; and that it is the aforementioned boundary
conditions which are the important factors governing the
accuracy of each of the systems.
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CHAPTER I - INTRODUCTION
BACKGROUND
Although all indications point to a decline in the
use of wage-incentive systems, the classical purpose for
time study, there is no indication that the use of time
study ia declining. To the contrary, an increasing number
of people are realizing that, even in the absence of incentive
pay scales, time study is not only of great value, but is
almost indispensible. For decision making in scheduling,
costing, training, etc., and primarily for control in gen-
eral, it is almost impossible to operate without effective
standards. The infamous time study man with his stop watch
has for some time now been losing favor with many people.
More and more, the Predetermined Elemental Time Standard
System Analyst has been doing the job. It has been found that
it is much easier to convince other people of the validity of
the standard if, instead of just "I timed it" the analyst
can point to a logical procedure of analyzing the individual
motions of a job and assigting each a time found in a standard
table.
Although many people insist that predetermined elemental
time standard systems work, and work well, there has been
no unbiased work published with actual proof of this validity.
it is this void which thiS study was designed to fill.
Most of the available literature on the subject has been
written by proponents of one particular system.
AN EXAMPLE
A predetermined Elemental Time Standard is applied
through a system which equates a tabulated time to each
elemental motion of an operation, the elemental motion
being defined differently in each system. The developers
of the MTM system have defined their system as
A procedure which analyzes any manual operation or
method into the basic motions required to perform
it and assigns to each motion a predetermined time
standard which is determined by the nature of the
motion and the conditions under which it is made.
A short example is in order here. Place this paper
on the desk immediately in front of the reader, with the
right hand lying palm down beside it. Now turn the page,
noting each motion as you perform it. Describe it in
sufficient detail that a blind man could perform the
operation solely from your description. While methods
might vary somewhat, one method is listed here:
1. Move right hand three inches to the top right
corner of the right hand page.
2. Bring the thumb and the forefinger together,
squeezing the corner of the page between them.
3. Swivel the hand 180 degrees along the axis of
the forearm, so that it ends up under the page,
facing up.
4. Move hand in an arc to the left, carrying page
to its new position. The hand moves about twelve
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inches, as measured along the desk top, or sixteen
inches, measured along the arc which it actually
traversed.
5. Move back to rest position, moving fourteen inches
horizontally, or sixteen inches along the arc. This
arc distance is no greater than the preceeding one,
although its chord is longer, because it is a flatter
are than that necessary to carry the page.
This is obviously not the exact way in which everyone would
turn the page, but it will serve as an illustration; and though
it is not detailed as precisely as it might be, it is sufficient
for our purposes.
We shall now proceed to analyze this operation by means
of two of the most popular systems, Methods Time Measurement,
and Work-Factor. The exact method of application will not
be discussed here, as it is covered quite thoroughly in Chapter
III.
Using the MTM system, our analysis would be as follows:
1. Reach 3" to exact location R3B 5.3 TMU
2. Grasp object lying close to a GiB 3.5
flat surface
3. Turn hand 1800 with negligible T180 9.4
load
4. Move hand, with page, 16" along M19A 18.4
arc, stoppig on desk. Because
hand turns 100, the knuckle of
the forefinger (point of measure-
ment) actually moves 3" further.
5. Reach hand.out of way back to R16E 14.2
start, 16" along arc.
TOTAL TIME 50.8 TmU
TOTAL TIME: .03048 min. (lTMUZ .00001 hour)
-t ,
Under the W-F system, the following analysis would be developed:
1. Arm motion 3" with Steering and A3SD 41 WF
Definite stop Work Factors.
2. Finger motion 1" to perform Fl 16
grasp.
3. Swivel Forearm 1800. SF180 65
4. Arm motion 12" along dest, but A19 56
change of direction Work Factor
requires measurement along arc
in -this case, and FS motion adds
another 3" as in MTM case above.
5. Arm motion 14" horizontally with A14D 69
Definite stop Work Factor
TOTAL TIME 47 WF
TOTAL TIME a .024 7 min x 5/4 a .0306 min
(1 WF = .0001 min; W-F rated at 125% riprmal)
The section of Chapter III on these two systems will explain
the use of the modifying factors to arrive at the correct time.
This simple example provides times which are quite close,
and yet, if the reader will compare the relative magnitudes
of the individual times on elements corresponding in the two
systems, he will find that they vary by rather a large amount,
especially considering the marked correlation between the final
result. It is the variance between these elemental times,
and between the total times (for all do not come as close as
this) that this study undertakes to investigate. The hypoth-
esis set forth was that the different predetermined time sys-
tems agreed exactly with each other and with real time.
The method used to investigate the hypothesis is very
straightforward. A number of manual industrial operations
were filmed. Each film was analysed through MTM and Work
Factor. By counting frames, a measure of real time was form-
ulated. The three sets of times were plotted against each
other on a multiple activity type of chart. That is, they
were laid out as a set of three cumulative bar graphs with
time as the common vertical anis. The differences were to
be analysed statistically to arrive at a conclusion as to
what measure of confidence could be placed on the hypothesis.
The real time was intended merely as a check on the predeter-
mined times, but was found to be so far out of line with the
artificial times that it was discarded entirely. Most of
this variance can be explained by the fact that, without'
a professional "rating" performed on an operator, one has
no way of knowing whether he was working at a normal pace,
or 90% of normal, or 125% of normal. Without this rating,
the film data is worthless.
Firms which employ the use of any time study system
have found that they do, in fact, work, and work very well.
Each firm, however has an affinity for one or another of
the systems, believing it to be better than any other.
This being the case, a study along these lines should prove
very useful in providing companies new to the field a basis
upon which to base their choice of a system. Companies who
are presently using a system may find this paper interesting
in that it will allow them to compare the results of their
system with that of another firm using another system.
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aecoming more and more important, in recent years and
regarded as indispensible by most firms is a good set of
company standards. Recently, predetermined elemental time
standard systems have been finding growing favor for the
development of these standards. While the classical use
of standards has been incentive wage scales, these are
losing favors in some quarters, and many new uses are be-
coming popular.
The general field of Product Planning has become a
fertile field for the application of predetermined standards.
If the product engineer and the design engineer will arrive
at a method to make the proposed product and have it analyzed
through the use of predetermined elemental times, it is
possible that changes in the design which will not effect
the function of the product can be made. Difficult areas
such as blind holes may be eliminated. The shape may be changed
to make it easier to handle.
While the work of Taylor and the Gilbreths has proven
most valuable in analyzing operations being performed, they
lacked a measure of time in their systems, and therefore,
there is no way to use these systems effectively in planning.
Through the use of predetermined times, different proposed
methods may be mocked up, or merely visualized, and times may
be assigned to them. From these times, costs may be estimated,
thus giving an excellent measure by which a method may be
chosen. Of course, these can actually become the basis for
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the process sheets which will go with the method actually put
into production -
Equipment selection -oan also be aided-through the jud-
icious use -of predetermined times. The most expensive- tool
usually requires the least handling time and vice veraa, and
therefore, an estimate of the cost of the handling method
for each tool under consideration is necessary to equate to
the cost of the tool so as to arrive at a minimum cost. The
brand-new field of Human Engineering can be greatly aided
through the use of predetermined times. Calculation of ele-
mental times of motions caused by different placings of levers,
switches, dials, etc. can be of invaluable help in determining
the proper positioning of same.
Predetermined times have been found by many to aid in
employee relations, by making clear to the employee just how
his rating is constructed, as opposed to time study, which
seems somewhat arbitrary to many people. They can also be-
very useful in training, since, if a man can be trained to
be motion-conscious, he may, of his own accord be able to
improve his method. It is also easier to train all operators
to use the same method if every motion has been detailed
to them.
CHAPTER II - HISTORY
THE BEGINNINGS
The earliest recorded organized time study occurred
about 1760, when one M. Perronet, a Frenchman, studied
the manufacture of pins. About 1830 the same industry was
again the subject of a study, in England, by Charles Babbage.1
But these studies consisted of merely timing complete series
of operations. The first man to attempt the -subdivision
of a task into elemental operations to be considered as
separate entities was F.W. Taylor, in this country, in 1883.2
The "father of scientific management", his now legendary
improvement of an ore-shoveling operation was the first
study of this type. He also coined the term "time study".
Taylor*s great contribution was his emphasis on the method
of solving problems rather than on the problem itself. This
scientific approach to problem-solving is the basis of all
methods of work today.
Charles E. Bedaux began work in 1911 in an attempt
to define a common unit with which to measure all human
physical work. The unit which he formulated. was the
Bedaux unit of human power measurement, the "B". The unit
had a nominal value of 1 minute. It was defined as the sum
of the work time necessary to do the job, plus the rest time
necessary because of physical limitations; i.e., if a job
had a work cycle of 10 seconds, and had a 120% allowance for
rest, being very tiring, then the effort value is (10+12)*60=.367B.
If the production rate for this job were 1000 pieces per hour
and another job requiring .122 B effort had a rate of 3000
pieces per hour, then it was claimed that the two jobs were
equal in effort, since 1000 x .367 = 367 B's per hour. The
all important rest value percentages were compiled from ex-
periments in handling various weights in various positions,
using various body members. This theory of the single unit
of work measurement making a single standard plant-wide,
became very popular; so popular, in fact, that dozens of imi-
tations on the B appeared, called by all different names to
avoid paying royalties to Bedaux.
Away from timestudy, a little earlier, FrankB. and Dr.
Lillian M. Gilbreth were involved in researching what they
came to call micromotion study. Going further than Taylor,
the Gilbreths determined to subdivide every operation into
its fundamental motion elements, as they perceived them.
From this work came the now-famous Therblig (Gilbreth
backward) notation system. Their procedure was to analyze
a job, identifying each motion element with a therblig, and
then eliminate the wasteful elements which thereby became
apparant.
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BEGINNING OF PREDETERMINED TIMES
The first true predetermined elemental time systei, Motion
Time Analysis, was developed in the 1920's by A.B. Segur. Itt
was compiled from thousands of feet of motion picture film
taken feb training purposes during World War I. Since the Gil-
breths supplied much of the material and equipment used in
the development of NTA, it is perhaps to be expected that
MTA cannot be applied by anyone not trained in it, becauselits
tables and exact analysis procejure have never been published.
The development of the Work-Factor system was begun in
1934. It was developed through the time study of some 17,000
motions by some 1100 operators. This work was done at the
Radio Corporation of America plants in Philadelphia, pa.,
and Camden, N.J., by a staff of engineers, headed by the
Nessrs. Quick, Duncan, Shea , and Kohler. This staff varied
from twelve to twenty-five during the period from 1934 to
1937, when bhe initial development of Work-Factor was progres-
sing. The first applications were in Camden in 1938. The data
continued to be developed until 1945, when the tables were
first published. Work Factor has evolved into three sep-
arate systems, Detailed Work Factor, Simplified Work Factor,
and Abbreviated Work Factor, in order of decreasing accuracy
and preciseness each with its own applications. Work Factor
is the trade mark, and property of the Work Factor Company,
New york, N.Y., which trains analysts for the system, and
which carries on research to improve and to keep the system
up to date.
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Methods Time Measurement, or MTM, was first published
by its innovators, Messrs. Maynard, Stegmerten, and Schwab.in:In
1948 MTM was developed through the analysis on many hundred
feet of motion picture film. The original tables were ex-
pressed in the number of motion picture frames requited
to perform the element, but was later standardized to lTMU=.OOOO1
hour. MTM was developed in a division of Westinghouse which
dealt with hea1W equipment, while Work Factor's proving ground
was the light, electronic assemble type of work. MTM also has
a sub-system, called Simplified MTM. MTM was given to the
public by its innovators, but so many abuses crept into the
system that a non-profit organization was set up to admin-
ister the system, to train qualified analysts, and to darry
on further research.
In 1950, the staff of J.D. Woods and Gordon, LTD., of
Toronto, introduced Basic Motion Timestudy ;(B3T). They felt
that, because a motion picture speed of sixteen frames per
second left gaps between the frames of about .001 minute,
movie film was too crude a device with which to measure
motions. They defined their elemental basic motion by its
beginning and ending points, and, since they were constrained
to identify these beginning and ending points to within a
few milliseconds by this definition, they were unable to
apply motion pictures to their work. 31T, therefore, was
developed through time study of some industrial operations
and some contrived operations, such as dealing cards, and
walking.
It will be noted that each of the systems was devised
under different circumstances, with different equipment,
and with different philosophies. Therefore, it would seem
possible that each of the systems, accepting for the moment
the hypothesis that they do work, might have applications for
which it is best suited. If this be the case, then perhaps,
on any given job, the results of applying two or more systems,
could vary over a wide area. This difference in Basic philo-
sophie8 is the point which sparked the idea for this study.
if all systems operated under the same philosophy, differing
perhaps only in their definition of time units, or some
other such trivial item, then we would have a situation
much like that concerning the Bedaux unit, and its many
initators. They would all be basically the same and a
study such as this would have no more than academic valued,
if that. The quantity which we are most eager to examine
is the validity of these various philosophies. We have
attempted to find a method which will give us some meas-
ure of this quantity.
CHAPTER III - THE STUDY
MTM AND WORK-FACTOR
The MTN system recognizes nineteen basic movements.
There is no need to go into detail here since this system
and Work-Factor as well are well documented elsewhere.
However, it is in order to discuss the limiting motion
principle, one of the more important points of MTM's phil-
OsOphy. There are three cases which require the appli-
cation of this principle. The most common is the case
where the two hands perform simultaneous operations. If
the operations are such that they can be performed simultan-
eously.,without excessive difficulty (as defined by special
simo table), the motion with the largest time is the limit-
ing motion, because the other hand tends to wait for it. If
the two motions cannot be performed simultaneously, then
both times are allowed, and their sum is the time for
the motions. If two motions are performed simultaneously
by the same hand, so-called combined motions, then the
longer of the two times is allowed. Anexample of a
combined motion is a turn performed while moving. The
basic time unit in MTM the Time Measurement Unit or TMU is
equal to .00001 hour or .0066 minute.
In Work-Factor, "A Basic Motion is any motion the
performance of which involves the least amount of dif-
ficulty or precision for any given distance and body-member
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combination; for example, tossing a small, nonfragile object
into the tote pan." "Work-Factor is a unit used as the
index of additional time required over and above the basic
time when motions are performed involving the following
variables: 1. Manual control, 2. Weight or resistance."1
That is, for each action above and beyond the basic motion
which must be executed, the analyst moves over one column
on his tables corresponding to one Work-Factor additional
time. Examples of these "actions" are Definite stop, Steer-
ing, etc. Weight is directly related, with a certain number
of pounds adding so many Work-Factors.
The basic Work-Factor Time Unit, (also called Work-
Factors in slang), is equal to .0001 minute. In comparisons
between Work-Factor and the MTM, which are to be made in
this chapter, it was necessary to put them both on the same
time base. I chose THU's as this base. To convert W-F to
TMU, it is first necessary to multiply the W-F time to 5/4,
since Work-Factor assumes that the worker is on incentive
pay, and is working a 125% of normal, whileMTM assumes 100%
of normal. Then, of course, this normalized time must be
divided by six, since 6 W-F = 1 TMU. I have referred to
this time as scaled Work-Factor wherever it seemed necessary.
However, it may be assumed that, in all cases where a direct
comparison between the two systems is made, the W-F time
has been scaled.
THE STUDY
Two methods or analyses were uded. The first was the
method originally proposed by the author, that of analizing
actual industrial operations by different systems, and then
comparing the finished analyses. The second method was
attempted as a result of questions raised during use of the
first method, which could not be fully explord due to the
small amount of data. It is a comparison of the actual
standard data, as published in the tables of each system.
METHOD 2
Three industrial jobs were filmed, and the films
were analysed by NTM and Work-Factor. (See Appendix A) for
job Descriptions and Analyses. The cumulative times of the
two analyses were then plotted against each other on a
multiple activity type chart. That is, the individual elements
for each hand, for each system, were plotted from top to
bottom on a time scale (see figures IIIT1,2,3). Wibh the
operations plotted in this form; diffekices in individual
elements were readily apparant. Unfortunately, since the
total number of elements is so small, only the more common *
motions are present in sufficient quantity to enable any
conclusions to be drawn. These common motions are the
Arm Motions, Grasps, Releases, and Forearm Swivels.
The relationship between the Rea&tions and Moves of
MTM, and the Arm motions of W-F is a straightforward one.
Each is a set of tables of distance as a funtion of thme
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The individual tables in these sets are determined by either
the boundary conditions or the motion or by the weight carried.
They are discussed in the next section under Method 2.
Since the method of defining Grasp motions is entirely
different under the two systems, it is very difficult to
draw any comparisons on any but the most simple Grasp, the
pinch Grasp. MTM defides the pinch Grasp as G9A, and assigns
it a value of 3.5 TMU. W-F defines it as a finger motion;
F1.16 W-F, if performed alone, IF= 8W-F if it follows a reach.
8w-F=1.7 TMU, 16 W-F=3.3 TMU, so in one case they correspond
to within 6% while in the other, they are off by more than
50%. Since most grasps encountered in the operations anal-
yzed here followed reaches, the latter inequality is more
likely. It might be assumed that this difference might
be made up by having a longer reach time in W-F, but, as will
be shown is the next section, the reverse is generally true.
In the same manner, the W-F Release again defined as Fl,
compares well with MTM's RL1, assigned 2.0 TMU. The times for
MTM turn and the W-F Forearm Swivel, the motion performed
by turning the hand along the axis of the forearm, tend to
diverge as the angle gets greater.
Angle W-F Scaled W-F TMU
450, 17 -35 3.5
900 23 .8 5.4
1350 2 5.8 7.4
1%4 31 6.5 9.4
It is believed that this method holds much potential
worth. From an examination of the comparison charts (figure III-
1,2,3) it can be seen that they present the data in anceasily
read form, the angle and divergence of the lines connecting
corresponding elements of the two systpms serve as indicators
of conformity and non-conformity. Much further work can be
done with this method, especially as regards some of the
more sophisticated elemeftts, such as Position and complex
Grasps. Since W-F tends to break these down much morethan
does MTM, it would be interesting to have a statistically
addeptable set of data, including all of these two types
of motions, so that a detailed analysis can be made to
determine their conforitty. A study along the same lines
of the relationships between MTM's Simo Table and W-F's
Visual allowance, and MTM's Eye Time element could prove
most interesting and valuable.
METHOD 2
It was immediately apparant upon examination of the
comparison charts used in methodl that there were signif-
icant differences between the MTM Reaches and Moves, and
the W-F Arm Motions. It was decided to investigate these
more closely by actually going back to the standard data
published for each system. A number of graphs were drawn from
some of this data, and were arranged in over lays so that
a visual comparison could be made. While not true of every
table in the sets of tables in the standard data, some of
thetables are directly related intheir applicability.
MTM table R-A pnd the W-F A-basic table, are appliedLundder
the same conditions, each being the basic Reach table of
its system. In the same way, the MTM R-D table is related
to the W-F (A-basic +1W-F) table, both being a Reach to a
precise location. In like manner, MTM move tables are re-
lated to certain of the W-F A tables. The relationships
are summarized as follows:
MTM WF DESCRIPTION
R-A A Basic Basic Reach
R-D A4lW-F Reach to Precise Location
M-A A Basic Basic Move
M-C A4 1W-F Move to Precise Location
(see figs.III-4)
When the factor of weight is brought into the picture,
MTM modifies its Move Tables by multiplying by a factor and
adding a constant,. W-F accomplishes the modification by
adding Work Factors to the Basic Arm motion tables. A sum-
mary of these is as f ollows.
M-A,C x 1.00 / 0
M-A,C x 1.06 /2.2 TMUJ
M-AC x 1.11 / 3.9 TMU
M-A,C x 1.17 / 5.6 Mu
lbs
0
-5--
10
15
W-F
A-bb/l / 1 W-F
A-bb/1 / 1 W-F
A-b,b/i / 2 W-F
MA-bb/1 
/ 3 W-F
MWTM "
M-A,*C x 1. 22 / 7.--4 T"U
72M.hr
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An example of the plots of this data will show that the
two systems fail to conform by a rather large margin. Figure
111-5 shows the MTM R-A vs. the W-F A basic. It is shown
that the twotables begin to diverge rapidly at distances
over 10 inches. The three tier over lay(Figure 111-4) can
be arranged to compare any of three families of curves. The
different members of the families are the different weight
ranges, as labled. Theoretically the R-A and M-A curves shouldu
correspond to the A basic curve, and the M-Al, M-A2 , and M-A4
curves should correspond to the Ab4lW-F, Ab+ 2 W-F, and Ab+3W-F
curves respectively. In like manner the R-C and M-Co curve,
should correspond to the Ab+lW-F curve and the M-C1 , M-C2 ,
and M-C4 curves.-hould correspond with the Ab42W-F, Ab+3W-F,
and Ab44 W-F curves respectively. It is obvious that they do
dot.
Since the weight ranges do not conform exactly, the
4-tiered over lay (Figure 111-6) has been constructed. These
are families of curves of weights vs. time with distance
as a parameter. If much of the nonconformity of the curves
in Figure 111-4 was due to the dispari$y of weight ranges,
the M-A and M-C curves would tend to conform with the Ab
and Ab+1W4? curves respectively. Again, it is obvious that
they do not, and that the "error" increases as the distance
grows larger.
It is obvious that both sets of standard data cannot be
right in all cases. However, it must be remembered that the
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"correct data" curves, if such exist may lie somewhere between
these two, corresponding with one family over one range and
whith the other over some other range. Thus it is possible
since many people can be found to testify that one or the
other system works to within an amazing degree of tolerance
in their particular operation, that each of the systems
works the better under a certain set of circumstances, or on
a certain type of operation.
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CHAPTER IV - CONCLUSIONS
The origional hypothesis was that the two systems would
arrive at the same results when a particular operation
was studied. From the data available, it appears that this
hypothesis has been proven correct. Through the method of
studying the same operation by means of both systems and
then plotting them on a multiple activity chart, it has been
proven that the two systems do tend 4o give the same results.
However, a closer examination of these charts, led one to
believe that the basic elements of the systems had little
if any correlation, and that it was only when they were tied
together into an operation that the correlation became close.
In order to investigate this phenomena, a second method was
applied to test the systems. The basic element tables of the
systems were plotted, distance vs. time, precision vs. time,
and weight vs. time. It was shown, from these curves, that
the basic data showed, as expected, little correlation.
This leads one to the conclusion that the "boundary
conditions" of the basic motions must be of papamount im-
portance. That is, the relationships between sudceeding ot
motions must be the factors which tend to negate the dif-
ferences between the motions themselves. WorkFactor act-
ually has taken some notice of this, in that in a few cases,
ft1modifies the time for a particular motion, depending on
the preceding motion/
22.
It is in this area of boundary conditions that the major
opportunities for further study lie. A possible method
would be to acquire a large, statistically acceptable sample
of various kinds of operations, among which would be found
quantities of certain combinations of motions. These oper-
ations could then be "disected" and various combinations of
elements examined in an isolated siuation. It should be
pointed out here that it is impossible to adequately apply
a predetermined elemental time standard unless one has been
will trained in the particular system. Therefore, it is
recommended most strongly that all data collected for
further studies by gathered by people of professional cal-
iber.
The major worth of this paper lies in the vista which o
it opens. It is, so far as is known, bhe first paper to be
written on this subject, treating it in this manner. It
has raised a few questions, answered some of them and pointed
out the way toward the answers to the others. It has also
served the purpose of arousing a deep understanding and
appreciation of the predetermined time system philosophy
in the author, through the method of forcing him to work
with these systems. For this, he is thankful.
uui Nu T116
Page No.
8 1 H B Maynard, ed.; INDUSTRIAL ENGINEERING
HANDBOOK; New York: McGraw-Hill, 1956
page 2-3ff
8 2 H. R. Hearings, 1912 (see bibliography)
13 1 Maynard, H. B., op cit, pages 4-14ff, 4-4off
14 1 ibid, page 4-47
BI2BLIUGRAP~HY
Abruzzi, Adam; WORK, WORKERS AND WORK MEASUREMENT;
New York: Columbia U., 1956.
Bailey and Presgrave; BASIC MOTION TIMESTUDY;
New York: McGraw-Hill, 1958
Barnes, Ralph M.; MOTION AND TIME STUDY;
London: Wiley, 1958.
; MOTION AND TIME STUDY APPLICATIONS;
London: Wiley, 1958
Davidson, Harold 0.; FUNCTIONS AND BASES OF TIME STANDARDS;
American Institute of Industrial Engineers, ColumbusOhio,1957
Gilbreth, Frank B & Lillian M; APPLIED MOTION STUDY;
New York: Sturgis & Walton, 1917
Gomberg, William; A TRADE UNION ANALYSIS OF TIME STUDY;
Chicago: Science Research Associates, 1948
Maynard, Stegemerten, and Schwab; METHODS-TIME MEASUREMENT;
New York: McGraw-Hill, 1948
Presgrave, Ralph; DYNAMICS OF TIME STUDY;
New York: McGraw-Hill, 1945
Taylor, F. W.; THE PRINCIPLES OF SCIENTIFIC MANAGEMENT;
New York: Harper, 1911
HEARINGS BEFORE SOCIAL COMMITTEE OF THE HOUSE OF REPRESENTATIVES
TO INVESTIGATE THE TAYLOR AND OTHER SYSTEMS OF SHOP MANAGEMENT;
under the Authority of H. Res. 90; Vol III, 1912
PR ESENT MTO
PROPOSED METHOD OPERATOR CHART PAGE ... F
OPR TRAN MTMR INP TOTALSUMMARY 0 IV 0 STEPS OPERATION..... J L - ....- ..
LEFT HAND
RIGHTHAND DATE ____ _ .E . OBSERVER
WORK PART
SPACE SKETCH
LAYOUT (
LEFT HAND TMd V RIGHT HAND
2 Af SC o/,7
124 f 2.6
6 4 r J.0
7 &EA 2.0
8 7.
9 a & r) -A/i'I C#.6
I' LA- ,/
12 1f/AC4IC('sr) &.o
13 4 .0/
14 / A M 7-. 1
15 r)/ t/'o a3 -N__
16 4e .0
17 124'fC
Ik RiC f4.9
20G A?3
21/'56f.
22A P2
23 /1,/A
24 /22i f~a
2 5 it d .a
27
28
:,via I
5.
-6
15
16
17 I
8 _>_4_ _
51* 20 A .
21;
22
23
24
2 5
28
PRENTED METHOD OPERATOR CHART PAGE....- OF
TRAN MtIsp TOTALSUMMARY 0 r[ T OPERATIONL. J- AITAI %- MA/-F
LEFT HAND
RIGHTHAND DATE OBSERVER
WORK PART
SPACE SKETCH
LAYOUT SKTC
LEFT HAND RIGHT HAND 7Mu
-2~
2 _ _)_ _ _ _ _ ._ _
3
s 745s 3K
6
7
8
9
10 &J--F
12 At
13 F5 45 ALL
14 '4Ff
15 FS 45"DP 32
16
17
18
19 wa
20
21
22
23
24
25
25
27
28
29
i t 2 9.6A
3~4
5 /2C S
6
7'0
16 1 2 /.
17J' A.SD L/d4/,.) S
18 iS ( (,
Ar o *08Vser)19 A/P (Ipvied)
20
21
22
23
24
25
26
27
28
12Q
